A method of on-line pretreatment coupled to HPLC with fluorescence detection was developed and validated for the determination of nine quinolones in honey samples. This method simplified the complicated process of sample pretreatment and reduced sample treatment time. Recovery of the quinolones was between 92% -101% for spiked honey samples. The limit of detection was 0.22 -3.78 ng/mL (signal/noise ratio = 3). There was good linear correlation between HPLC peak area and concentration of the quinolones, with a linear range of 1.0 -100.0 ng/mL and correlation coefficients >0.9997. The method proposed was validated for detecting quinolones in honey samples.
Introduction
Nowadays, food safety is one of the biggest social concerns. Therefore, the monitoring of residual pesticides and antibiotics in agricultural products and sea foods must be carried out before these products are released to the market. Recently, high throughput analysis has been considered important in the development of new analytical methods. In particular, the sample pretreatment procedure is a crucial step for high throughput determination [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . There are many kinds of sample preparation procedures in the analytical process [12] . Among several sample preparation techniques, SPE is getting a high priority to be used as a sample pretreatment because of high recovery, less organic solvent usage, short time for sample preparation, easy operation, and automation [13, 14] . Sample pretreatment must also be optimized with the combination of various techniques, considering the instrumentation to be used and the degree of accuracy and precision required, whether quantitative or qualitative [15] .
Quinolones are a group of synthetic antibacterial compounds for the treatment of several diseases. The use of quinolones in animal production is getting more and more, so, their residual presence in food processed from animal product as a raw material can be found. The European Union has defined the maximum residue limits (MRLs) for several of these compounds in the different food matrices of animal origin, but not for honey. Therefore, we have developed an automated on-line sample pretreatment system coupled with high performance liquid chromatography instruments for the rapid determination of quinolones in honey samples, which enabled us not only to minimize the sample preparation time, but also to obtain acceptable analysis precision. According to the guideline of Japan Ministry of Health, Labour and Welfare (MHLW), it may take around 2-3 hours to prepare honey samples. In contrast, the new system reduced the sample preparation time to 10 minutes. ical grade) and the standard quinolones were purchased from Wako (Osaka, Japan).
HPLC Systems
The system used in the present study consisted of three LC-20AD pumps, a DGU-20A3 degassing unit, a SIL-20AC auto-sampler, a CTO-20AC column oven including FCV-12AH flow-channel selection valves and an RF-10Axl fluorescence detector with semi-microflow cell (Shimadzu Corporation, Kyoto, Japan). System control and data acquisition were performed using LC-Solution version 1.21 workstation software. A Shim-Pack VP-GODS (4.6 mmI.D. × 10 mmL.; Shimadzu Corporation) guard column and a Shim-Pack XR-ODS (3 mmI.D. × 75 mmL, 2.2 μm; Shimadzu Corporation) analytical column were used.
Sample Preparation
Honey samples were diluted ten times to 0.1 mg/mL with sodium dodecylsulfonate (SDS) aqueous solution and then filtered by 0.45 μm of membrane filter. 100 µL of each sample solution was injected into the system.
Chromatographic Conditions
The flow diagram of this system is shown in Figure 1 . 95% of acetonitrile and 5% of pure water at 0.1 mL/min was used as the enrichment pump solvent, with 1.0 mmol/L SDS aqueous solution at 1.9 mL/min as the dilution solvent for 2 min as an enrichment time. Therefore, the sample was diluted 20-fold.
To analyze the target quinolones, a solvent mixture of acetonitrile (25%) and SDS solution (75%) which is 1.0 mmol/L sodium dodecylsulfonate contained 30 mmol/L phosphate buffer (pH 2.5), at 1.0 mL/min was used as the optimized mobile phase. The column temperature was set at 40˚C. An excitation wavelength of 325 nm and emission wavelength of 365 nm were selected for oxolinic acid, nalidixic acid and flumequine, and an excitation wavelength of 295 nm and emission wavelength of 445 nm were selected for norfloxacin, ciprofloxacin, danofloxacin, enrofloxacin, orbifloxacin and difloxacin.
Results and Discussion

Minimization of the Carry-Over Problem
When dilution pump was not configured in this system, several carry-over peaks appeared by injection of sample solvent after actual honey sample analysis. The function of washing for sample injector works but was not complete. Increasing organic solvent for sample pump is one of ways to remove carry-over peaks, but it results in poor recovery of quinolones. Therefore, dilution pump was added to this system in order to improve recovery with no carry-over peaks. Comparison of chromatographs with and without dilution pump is shown in Figure 2. 
Adoption of Fast HPLC Column
100 µL of nine types of quinolone samples was injected in this on-line sample pretreatment system and the Figure 3 . Although 2.2 µm packing material was adopted as a fast HPLC column with on-line pretreatment system, nine quinolones could be completely separated within 20 min. In case of using conventional HPLC column (5 µm packing material) more than 70 min is required for this analysis. 
chromatograms of standard quinolones are shown in
Analytical Performance
The linear relationship of the HPLC peak area with the concentration of quinolones in the range 1.0 -100.0 ng/mL is shown in Table 1 .
The sample concentration and the peak area showed an excellent linear relationship. Regression coefficients were all greater than 0.9997. The limit of detection for the method was determined as 3 times the signal/noise ratio and yielded values of 0.22 -3.78 ng/mL. Recoveries of the quinolones were between 92% -101%. The repeatability of the method was determined from five repeated injections of all standard samples ( Table 2 ). The relative standard deviation for the peak areas was less than 0.88% (n = 5).
Actual Quinolone Analysis in Honey Samples
Two brands of honey were diluted ten times with SDS solution and filtered. 100 µL of the solutions were injected into the system. The chromatogram and results are shown in Table 3 and Figure 4 . As a comparison, Japanese honey association method was also used as a sample pretreatment.
Norfloxacin in sample 2 was detected from two different sample pretreatments with similar concentration values. This indicates on-line sample pretreatment system works as good as conventional sample pretreatment method.
Conclusions
A method of on-line pretreatment coupled to HPLC with fluorescence detection was developed and validated for the determination of nine quinolones in honey samples. This method simplified the complicated process of sample pretreatment, and reduced sample treatment time. The method was validated in terms of recovery, repeatability and linearity and allowed rapid determination of quinolones in honey samples.
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